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(54) Symbol synchronisation in multicarrier receivers 



(57) This invention relates generally to the process- 
ing of orthogonal frequency division multiplex signals, 
and more precisely methods of synchronising a receiver 
of an incoming orthogonal frequency division multiplex 
(OFDM) signal. 



The invention provides methods and apparatus for 
synchronising a receiver to an incoming multi-carrier 
signal, such as an OFDM signal. By making use of in- 
herent redundancy within the prior art method, signifi- 
cant reductions can be made in terms of processing 
power, speed of execution and accuracy 



10 



Fig.1. 



11 



1 



12 



13 



ORIGINAL 
OFDM, 
DATA 



TUNER 



DOWN 
CONVERT 



V 



15\ 



ADC 



14 



CLOCK 
OSCILLATOR 



04 
< 

m 
00 

O) 

CM 

00 
o 

CL 
LU 



MAIN 
DFT 



DATA 
DEMODULATION 



EARLY AND 
LATE DFT 
PROCESSING 



CLOCK 

CONTROL 

VOLTAGE 



Primea &y Jouve. 75001 PARIS (FR) 




EP 0 872 985 A2 

Description 

The present invention relates to the processing of Orthogonal Frequency Division Multiplex (OFDM) signals, and 
more precisely methods of synchronising a receiver of an incoming orthogonal frequency division multiplex signal, 
s An OFDM signal consists of a stream of symbols, each symbol containing many bits of data. In an OFDM receiver 

the data is recovered from the received signal by calculation. The main problem with this is that it is difficult to ensure 
that the calculation is performed on the correct portion of the received signal when no timing information is contained 
in the received signal. 

The current method of ensuring the calculation is performed on the correct portion of the input signal uses a method 
10 known as the Early-Late Fourier Transform algorithm. This technique works by performing a Discrete Fourier Transform 
(DFT) calculation that is timed to be early with respect to the data contained in the input signal. This is known as the 
early DFT A second DFT calculation, known as the late DFT, timed to be late with respect to the data contained in the 
input signal is also performed. The noise power on the early and late DFTs is derived and a measure of data quality 
is found. 

is Since the data portion of the input signal sits between the early and late DFTs, an average of the measured data 

quality is used to generate a synchronising signal which is then used to synchronise the timing of the receiver to position 
the data DFT in the place for optimum recovery of the OFDM data. 

The current method calculates one complete early DFT and one complete late DFT as well as the complete middle 
DFT required for recovering the data. The early and late DFTs are then used to synchronise the receiver as described 
20 above. One of the main disadvantages with the current method is that the hardware required to perform the DFTs is 
costly and processor intensive. 

According to one aspect of the present invention there is provided a method of synchronising a receiver of an 
incoming multi-carrier signal which includes data, the method comprising the steps of; 

25 detecting the data from the incoming signal by a process of calculation; 

deriving synchronising signals by a process of calculation, the synchronising signals being calculated in part from 
the incoming signal and in part from the calculation performed for detecting the data and; 
using the synchronising signals to synchronise the receiver. 

30 According to a second aspect of the present invention, there is provided apparatus for synchronising a receiver 

of an incoming multi-carrier signal which includes data, the apparatus comprising; 

a detector for detecting the data from the incoming signal by a process of calculation; 

a deriving element for deriving synchronising signals by a process of calculation, the synchronising signals being 
35 calculated in part from the incoming signal and in part from the calculation performed for detecting the data and; 

a synchroniser for employing the synchronising signals to synchronise the receiver. 

The present invention has significant advantages over the prior art by making use of the redundancy inherent in 
the prior art. This not only reduces the amount of processing power required to perform the method, but also increases 
40 the speed of processing significantly, making the method even more accurate than the prior art. 

The invention will now be described further, with reference to the accompanying drawings, in which: 

Figure 1 is a diagram showing an overview of an OFDM receiver according to the present invention; 
Figure 2 is a diagram showing the relative position of the early, middle and late sections of an incoming OFDM 
45 signal; 

Figure 3 is a diagram showing a first detailed embodiment of the present invention; 
Figure 4 is a diagram showing a second detailed embodiment of the present invention; 
Figure 5 shows a third detailed embodiment of the present invention; and 
Figure 6 is a diagram illustrating a number of output vectors. 

so 

Figure 1 depicts an Orthogonal Frequency Division Multiplex (OFDM) receiver, used to receive OFDM signals. An 
OFDM signal contains a stream of symbols, each symbol containing many bits of data. 

The input signal 10 is fed through a tuner 11 and a down-converter 12 where the frequency of the input signal is 
reduced. The signal is then sampled by an analogue to digital converter 13 under control of a clock synthesiser 1 4. A 
55 data detector, comprising a main DFT 15 and an early and late DFT processor 16, generates a synchronising signal 
that is fed back to the clock synthesiser 14, the loop resutting in receiver synchronisation. 

Figure 2 shows the relationship between the data, the early and the late portions of the digital OFDM signal. The 
data portion comprises sections c, d and e. The early portion, which is earlier in time than the data portion, comprises 
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sections a and b. The late portion, which is later in time than the data portion, comprises sections f and g. 

It can be seen that the early portion can also be described in terms of the data portion, i.e. the early portion can 
be represented by sections a, c and d. 

This is the same as adding section a to the dataportion and then subtracting section e. 
The same is true of the late portion which can be represented by sections d, e and g - thtsis the same as adding section 
g to the data portion 'and then subtracting section c. 

The data DFT output signal may be described as: 



10 «-A/-l 

x(*)= Ex(»K 

#1-0 

where: x(k) is a frequency signal (Equation 1 ) 

15 x( w ) is a time signal 

The late DFT output signal may be described similariyas: 
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X'(k)= Yx(nW /r _' „, 

V Z^v / (Equation 2) 

where: M < N 

However, this may also be obtained by use of the data DFT (which is required anyway, to recover the data), by 
means of the following: 



X'W = '"f'xW +"S "x(# -"ZxC^W (Equation 3) 

and simplifying gives: 

X'{k) = X(k) + £[ X (iV + n>) - , . • . . / (Equation 4) 



it'- A/-! 



A similar process is performed, also making use of the data DFT, to'obtain the early DFT output. This gives sub- 
stantial computational savings over a direct early and'-Tate calculation, as only M subtractions, a loggM pass FFT and 
45 N additions need to be performed, to produce one complete early or late output. * 

The late DFT, as described by equation 2; 'is athbciified DFT, that has coefficients indexed by n' running from M 
to N+M-1 (as opposed to the usual 0 to N-1). This gives rise to a constant phase offset, which affects all the late (or 
early) signals calculated in this way. As the method of time synchronisation using Early-Late DFTs relies only on meas- 
uring the noise on the early and the late data," therV this constant phase offset has no practical consequence to the 
so algorithm. 

The DFT process is performed more efficiently by use of the widely known Fast Fourier Transform (FFT) algorithm. 
This is used for the calculation' of the DFT oh the date, and is mathematically identical to the DFT. To use the FFT 
algorithm in calculating the early or late DFT, it should be noted that the DFT in the right hand side of equation 4 is not 
'square'! i.e. there are more outputs than inputs (M being smaller than N). However, this is not a problem, as generally: 



a) not all FFT output values are required in the Early-Late algorithm, and 

b) M is usually a power of two fraction of N (Le. 1/8, 1/16, 1/32 etc.). 
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Property b) means that only an MxM size FFT needs to be performed, with the remaining outputs (N-M of them) 
being phase rotated copies of these M outputs. Property a) means that only certain output values need to be calculated, 
and so there is some computational saving. This is not always large with the FFT algorithm; however, when only a 
small proportion of the outputs are required, then an alternative algorithm may be better (e.g. the Goertzel algorithm). 
s Figure 3 shows in more detail an embodiment employing the above method and represents an expansion of the 

early and late DFT processor 16 as shown in Figure 1. 

Digital OFDM data 20 is output from the analogue to digital converter (ADC) 1 3 shown in Figure 1 . The data is fed 
into a Main FFT processor 21 , the output of which is used to demodulate the data in the input signal. The Main FFT 
processor 21 is a 2K point FFT processor. 
io A memory 22 and a subtractor 25 are arranged such as to perform the subtraction of sections a - e as shown in 

Figure 2. 

This is achieved by storing the part of the input signal as it comes in, and under control of a memory controller 24 
releasing the stored data at the same time as the corresponding data which is to be subtracted from it. This achieves 
the effect of subtracting section e from section a. A similar configuration is used for the corresponding late portion of 

15 the signal by use of a memory 23 and a negator 26 to generate g - c. 

The output from the subtractor 25 is then input at a FFT processor 27 which is a 256 point FFT processor. This 
performs an FFT on the data and the 256 values generated are then stored in memory 28. Under control of the address 
and negation controller 30, 2K of values are generated from the 256 values stored in memory 28. This generation of 
the extra values is performed by various address permutations and data negations. 

20 An adder 44 adds the 2K of values to the 2K of values generated by the main FFT processor 21 . This results in 

2K of values representing the early part of the input signal being input to a memory 32. The 2K of values are stored in 
the memory 32 and at the same time the previous set of values stored in the memory 32 are released and are subtracted 
from the current set of values by a subtractor 33. The power of the values is then calculated by a processor 34. These 
values are then summed over the OFDM pilots giving a value tor the early noise power. 

2$ A similar process is used to generate the late noise power as shown in the lower limb of Figure 3, the lower limb 

comprising a memory 23, a subtractor 26, a FTT processor 40, a memory 41 , a negator 42, an address and negation 
controller 43. This process is identical apart from the fact that it acts on a portion of the input signal that is timed later 
than the early portion. 

The early noise power is then subtracted from the late noise power by the subtractor 36 before being passed 
30 through a digital low pass filter 37. It is this output signal that is used to synchronise the receiver. 

An improvement on the above method allows the amount of computation to be reduced even further. If the required 
FFT output values are regularly spaced, then a pre-FFT decimation process can reduce the input data sample size by 
a potentially large factor. Decimation involves throwing away' samples at regular intervals. In this case, some of the 
techniques described above may be unnecessary. 
35 By decimating the input sample stream, before performing the DFT, the size of the DFT can be reduced. For 

example, decimation by 4 would result in only a quarter of the number of samples in the output stream as in the input 
stream. Some information is lost in this process, so some pre-fittering is necessary. A comb filter can be used to achieve 
this, and has the benefit of being a very simple form of filtering. If the 'teeth' of the comb can be arranged to lie coincident 
with the desired DFT output bins, then clearly the noise estimation can be made to work in a similar way to before, but 
40 the Fourier transform computation can be significantly simplified. In a possible implementation, the data would first be 
decimated by 8, so that the range of frequencies remaining in the data stream were coincident with scattered pilot 
locations in the OFDM signal (the scattered pilots are regularly spaced in frequency over the OFDM symbol). Then, a 
much smaller sized FFT would be performed on this data, with the relevant output bins being selected for noise power 
measurement. 

45 Figure 4 shows an embodiment of the present invention describing this improvement. 

The digital OFDM data is input to decimator 50 which reduces the number of values by 8. The digital OFDM data 
is also fed into delay 60 which has the effect of allowing the early portion of the signal to run along the bottom leg of 
the figure and the late portion of the signal to run along the top leg of the figure. 

Taking the late part of the signal, decimator 50 reduces the number of values by 8 by filtering out unwanted infor- 
50 mation. The result is that only 256 of the initial 2K of values are kept. This results in a much smaller FFT processor 51 
being needed to perform the FFT calculation. Once again, the power of the data is derived by a processor 52. The 
noise power is then summed over the OFDM pilots by a summer 53 where the value is subtracted from the correspond- 
ing early part of the signal by a subtractor 58. The processing for the early part of the signal is identical to that of the 
late apart from the portion of the input signal that is processed. The signal is then passed through a digital low-pass 
55 filter 59 and the output signal is once again used to synchronise the receiver. 

The general Early-Late algorithm involves calculating the Early DFT on one symbol, and the Late DFT on another 
symbol. However, due to the large savings of the above methods, it becomes possible to calculate both Early DFT and 
Late DFT outputs, for one symbol. 
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The Early output is: 

X' E (k) = X(k) + £[x(«') " X(« ; + N)Y? (Equation 5) 



The Late output is: 



X' L (k) = X(k) + '"Y.[x(" , )- x(n , ~N)}v^ (Equation 6) 

Taking powers, and subtracting, we get: 

X' 2 L (k)-X' 2 E{k) = 

Z[x("')- X(«' - + 2-X(*> £[x(«')- X(«' - ^)pC' 

-/x 2 (A) + { E[X(»0-X(»' + ^)K'} + 2X(^)"Q x („')-x(n' + ^r ) 

(Equation 7) 

, The power of the data portion cancels out and, after averaging, the crossed terms become very close to zero, and 
can be ignored for all practical purposes (they are the average of noise with zero mean). Hence, all we need to calculate 

is: 



x' 2 t-X'Y« 



• I[x("0-x(«'-^)K'- - Z[x(«')-x(«'+^' 

k *-N J ' U*— M . ^ J 



(Equation 8) 



Hence, including the data portion becomes unnecessary. The effect of this is shown in Figure 6a which illustrates 
45 the output vector for an Early output. The first vector is the data FFT output, and the second vector is the additive 
noise, caused by taking the data too early. The power of this vector would" be subtracted from the power of a corre- 
sponding late vector, to yield a noise power estimate. Clearly, the noise average is zero/although the noise power 
average is not. Figure 6b shows the result when only the early and late portions from one symbol are used, and the 
data portion is ignored. This vector represents the noise on the data,' and provides a synchronising signal for synch ro- 
50 nising the receiver. 

A third embodiment of the present invention is shown is Figure 5. By removing the need for calculating the data 
OFT the system is simplified even further. Digital'OFDM data is fed into a memory 70 under control of a memory 
controller 80. By controlling the data stored in the memory and releasing stored data at an appropriate time, the cal- 
culations for the a - e portion of the signal is achieved by a subtractor 71 . A similar process is carried out by the memory 
55 72 and the subtractor 73 to calculate the g - c portion of the signal. A 256 point FFT is then performed on the data by 
a FFT processor 74. The power of the values are then calculated and are then subtracted from the late portion of the 
signal. The sum of the powers are calculated over the OFDM pilots and passed though a digital low-pass filter to give 
an output 76 which is used to synchronise the receiver. 
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It should be appreciated that the two FFT devices shown in Figures 3, 4 or 5 could be time multiplexed therefore 
reducing the number of FFT devices necessary. 

It will also be appreciated by anyone skilled in the art that any mutti-carrier signal could be used including both 
orthogonal frequency division multiplex signals and discrete mutti-tone signals. 

5 

Claims 

1. A method of synchronising a receiver of an incoming multi-carrier signal which includes data, the method com- 
io prising the steps of; 

detecting the data from the incoming signal by a process of calculation; 

deriving synchronising signals by a process of calculation, the synchronising signals being calculated in part 
from the incoming signal and in part from the calculation performed for detecting the data and; 
is using the synchronising signals to synchronise the receiver. 

2. The method of claim 1 , further comprising filtering the data to reduce the amount of data needed for the calculation 
process thus further reducing the amount of computation required. 

so 3. The method of claim 2, further comprising filtering the data such that the remaining data is coincident with scattered 
pilot locations in the incoming signal. 

4. The method of claims 1,2 or 3, wherein the. calculations are based on the Discrete Fourier Transform and are 
performed by use of the Fast Fourier Transform algorithm. 

25 

5. The method of claims 1, 2, 3 or 4, wherein the multi-carrier signal is an orthogonal frequency division multiplex 
signal. 

6. Apparatus for synchronising a receiver of an incoming multi-carrier signal which includes data, the apparatus 
30 comprising; 

a detector for detecting the data from the incoming signal by a process of calculation; 
a deriving element for deriving synchronising signals by a process of calculation, the synchronising signals 
being calculated in part from the incoming signal and in part from the calculation performed for detecting the 
35 data and; 

a synchroniser for employing the synchronising signals to synchronise the receiver. 

7. The apparatus of claim 6, further comprising a filter to fitter the data to reduce the amount of data needed for the 
calculation process thus further reducing the amount of computation required. 
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8. The apparatus of claims 7, wherein the filter is adapted such that the filtered data is coincident with scattered pilot 
locations in the incoming signal. 

9. The apparatus of claims 6, 7 or 8, further adapted for orthogonal frequency division multiplex signals. 



so 
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Fig.6(a). Fig.6(b). 
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(54) Symbol synchronisation in multicarrier receivers 



(57) This invention relates generally to the process- 
ing of orthogonal frequency division multiplex signals, 
and more precisely methods of synchronising a receiver 
of an incoming orthogonal frequency division multiplex 
(OFDM) signal. 



The invention provides methods and apparatus for 
synchronising a receiver to an incoming multi-carrier 
signal, such as an OFDM signal. By making use of in- 
herent redundancy within the prior art method, signifi- 
cant reductions can be made in terms of processing 
power, speed of execution and accuracy. 



10 



Fig.1. 



1 



12 



13 



ORIGINAL 
OFDM, 
DATA 



TUNER 



DOWN 
CONVERT 



15^ 



ADC 



14 



CLOCK 
OSCILLATOR 



CO 

< 

00 

o> 

CM 
1^ 
00 

o 

Q. 

LU 



MAIN 
DFT 



DATA 
DEMODULATION 



EARLY AND 

LATE DFT 
PROCESSING 



CLOCK 

CONTROL 

VOLTAGE 



Printed by Jouvo, 75001 PARIS (FR) 



BNSOOCID- <EP 0872965 A3 I > 



EP 0 872 985 A3 



European Patent 
Office 



EURCP£AK SEARCH REPORT 



Applcatton Number 

F" 98 30 2774 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation of document wth Indication, wfwa appropriate, 
o* relevant passages 



WO 92 05646 A (NAT TRANSC COMMUNICATIONS 
LTO) 2 April 1992 (1992-04-02) 

* page 1, line 1 - page 2, line 29 * 

* page 8, line 1 - page S,.,line 34 * 

* page 20, line 11 - page 21, line 12 * 

* page 23, line 8 - page 27,. line 18 * 

* figure 8 * * 

AL-JALILI Y 0 ET AL: "4* NOVEL- FREQUENCY 
DOMAIN METHOD FOR SYMBOL YlMING RECOVERY 
AND ITS APPLICATION IN MULTI-CARRIER 
DEMODULATORS" , SIGNAL PROCESSING THEORIES 
AND APPLICATIONS. BRUSSELS, AU6. 24-27, 
1992, PROCEEDINGS OF THE EUROPEAN SIGNAL 
PROCESSING CONFERENCE (EUSIPC0), 
AMSTERDAM, ELSEVIER, ML, VOL. VOL. 3 CONF. 
6, PAGE(S) 1657-1660 XP000356564 

* Section INTRODUCTION * 

* Section ANALYSIS * 

* Section ESTIMATION AND CORRECTION 
EXAMPLE * 

* figures 1,4 * 

US 5 313 169 A (DE COUASNON TRISTAN ET 
AL) 17 May 1994 (1994-05-17) 

* column 3, line 54 - column 4, line 25 * 

* column 7, line 20 - column 10, line 38 * 

* figures 2,3 * 

WO 95 03656 A (ENGSTROEM 30 ;ISAKSS0N 
MIKAEL (SE); TELIA AB (SE)) 
2 February 1995 (1995-02-02) 

* page 1, line 7 - page 1, line 18 * 

* page 5, line 2 - page 5, line 29 * 

* page 6, line 20 - page 8, line 21 * 

* page 11, line 2 - page 11, line 6 * 

* figures 3,4 * 

-/- 



Th« present search report has been drawn up for all claims 



Relevant 

to daim 



1,4-6,9 



CLASSIFICATION OF THE 
APPLICATION (felLCLS) 



H04L27/26 



1-9 



1,4-6,9 



1,4-6,9 



TECHNICAL REL08 

{tRLCJ.6) 



H04L 



MUNICH 



Cm* ttf o o wp t— or c4 Urn tnrtti 

10 September 2001 



EjGurnar 

Palacian Lisa, M 



CATEGORY OF CITED DOCUMENTS 

X : particularly reievar: rf taken aJara 

V : particularly retevart r combined with ano:rw 

document rt the samo category 
A : tacnnctogxa) background 
O . non-wnBen discos j 'e 
P • Intermediate rtmjrwrt 



T theory or prnciote underlying trw invention 
E aarflw paiem oacumeni. but puatisned cru iv 

otter tne «ing date 
O document cttoa In the aooticaton 
L . document o*ad tur otr.a- reasons 



1 nemoer of th« yaw parent famiiy. ccrresoarrfng 

docunent 



5NSDCCID: <EP 0872985 A3 t > 



2 



EP 0 872 985 A3 



0 



European Patent . 
Office 



EUROPEAN SEARCH REPORT 



*\\- , Application Number 

'U.EF^98 30 2774 



DOCUMENTS CONSIDERED TO BE RELEVANT ■ 



Category 



Cttatkxi of document with Indication, wrwe appropriate, 
of relevant paaaagas . , . . - .1 . : : ¥ 



Relevant 
to claim 



CLASSIFICATION OF THE 
APPLICATION (ttLa.6) 



VAN DER SEEK J-J ET AL: ^iiOW^COMPLEX 
FRAME SYNCHRONIZATION IfT OFDft SYSTEMS" t 
1995 FOURTH IEEE I NTERNAT I0HAL : COWFE RENC E 
ON UNIVERSAL PERSONAL COWIUNICATIONS 
RECORD . GATEWAY TO THE 21 ST. 5 CENTURY. 
TOKYO, NOV. 6 - 10, 1995, IEEE 
INTERNATIONAL CONFERENCE ON UNIVERSAL 
PERSONAL COMMUNICATIONS, NEW YORK, IEEE, 
US, VOL. CONF. 4, PASE( XPG0069Q099 
ISBN: 0-7803-2955-4 
* the whole document * °. 



1-9 



TECHNICAL HELDS 
SEARCHED (WjCI-B) 



The present search. report has oeen drawn uo ter ail claims 



Pteoaof teotcti 

MUNICH 



10. September 2001 



Palacian Lisa, M 



CATEGORY OF CITED DOCUMENTS 

X paniraji*rty retevai it tt taken alone 

Y . particutarty relevant if comtenod wtth another 

document ol the same category 
A : recrtnotagfcai background 
O : non-written enclosure 
p : tmerrroclale document 



T : trwory or principle underlying the imwitlon 
E : eariliw patent document, but pubQihert on, ar 

attar the filing date 
D : document cited in the application 
L : document cited tor otfte^ reasons 

aTfftem»0f me same oaren: family, corresponding 



BNSOOCtO" <EP 0872985 A3 I > 



3 



EP 0 872 985 A3 



ANNEX TO THE EUROPEAN SEARCH REPORT 

ON EU ROPEAN PATEMT APPLICATION NO. EP 98 30 2774 



This annex lists the patent famly rnemoers rotating to.the patent documents cited In the above-merrtKJned European soarch report. 
The membra areas contained In* the European Patent Office EDP fie on 

The European Patent Office is In no way liable for these parfeutera whlcn are merely o>en for the purpose of Irrtormaeon. 

10-09-2001 



a 



Patent document 


Publication 




Patent family 


Publication 


cited In search report 


date 




mernoerts) 


date 


WO 9205646 A 


02-04-1992 


AT 


139660 T 


15-07-1996 




AT 


160475 T 


15-12-1997 




AU 


651818 B 


04-08-1994 




AU 


7584591 A 


30-10-1991 




AU 


646298 B 


17-02-1994 




AU 


8613691 A 


15-04-1992 




CA 


2078445 A 


01-10-1991 




CA 


2085728 A 


15-03-1992 




0E 


69120401 D 


25-07-1996 




OE 


69120401 T 


02-01-1997 




DE 


69128252 D 


02-01-1998 




DE 


69128252 T 


20-05-1998 




EP 


0521995 A 


13-01-1993 




EP 


0548205 A 


30-06-1993 




FI 


924373 A 


29-09-1992 




FI 


931017 A 


08-03-1993 




WO 


9115925 A 


17-10-1991 




HK 


1004312 A 


20-11-1998 




HK 


1004359 A 


20-11-1998 




JP 


5505290 T 


05-08-1993 




JP 


6501357 T 


10-02-1993 




KR 


186803 B 


01-05-1999 




KR 


199467 B 


15-06-1999 




NO 


180789 B 


10-03-1997 




NO 


930911 A 


12-03-1993 




US 


5345440 A 


06-09-1994 




US 


5488632 A 


30-01-1996 


US 5313169 A 


17-05-1994 


FR 


2670062 A 


05-06-1992 




AT 


148970 T 


15-02-1997 




AU 


641071 B 


09-09-1993 




AU 


9091891 A 


25-06-1992 




CA 


2073777 A 


31-05-1992 




DE 


69124690 D 


27-03-1997 




DE 


69124690 T 


05-06-1997 




EP 


0513313 A 


19-11-1992 




ES 


2098490 T 


01-05-1997 




FI 


923426 A 


29-07-1992 




W0 


9210043 A 


11-06-199;! 




JP 


5504037 T 


24-06-1993 




JP 


3176623 B 


18-06-2001 




NO 


922959 A 


27-07-1992 




SG 


46723 A 


20-02-1993 




RU 


2105423 C 


20-02-1993 


W0 9503656 A 


02-02-1995 


SE 


500986 C 


17-10-1994 



& For more detals about this annex . see Official Journal of ins European 3 atem Off ce, No 1 2.-32 



4 



SNSDOCID: <EP 0872985A3 I > 



EP 0 872 985 A3 



ANNEX TO THE EUROPEAN SEARCH REPORT 
ON EUROPEAN PATENT APPUCAttiON NO. 



EP 98 30 2774 



This annox lists tho patent family members relating to.tfw patent documents cited in the abcfro-nrnenltaned European search report. 

The members are as contained in the European Patent OHk» EDP We on \ 

The European Patent Office Is in no way liable for these particulars which are merely given for the purpose of information 

10-09-2001 



Patent document 
cited In March.report 



Patent family 
memberf,!) 



Publication 



M0 9503656 



EP 
SE 
US 



0712555 A 
9302453 A 
5652772 A 



22-05-1996 
17-10-1994 
29-07-1997 



w For mora details about this annex : see Official Journal of'the European Patent Office. No. 12/82 



BNSOOCIO- -EP 0872985A3 I > 



